ABSTRACT A promoter with the consensus sequences(TTGACA and TATAAT) at -35 and -10 regions was constructed, and the distance between the two consensus sequences was independently altered at two restriction sites. In an in vitro transcription system, a maximum activity was observed at the spacer length of 17 base-pairs regardless of the sites of space adjustment. Evidence was also provided that the start point of transcription was fixed by the consensus sequence at the -10 region.
INTRODUCTION
A great deal of information on the sequences of E.coli promoters have been accumulated (1) (2) (3) . The sequence comparison has revealed that promoter contains two regions of homology about 10 and 35 base pairs prior to the start point of transcription. The most conserved base-pairs at the -35 region are TTGACA and those at the -10 region are TATAAT (consensus sequences). It has also been shown that RNA polymerase contacts with promoter at these two regions (2) . Nevertheless, the sequences of naturally occurring promoters reveal considerable diversity, and none of them contain both the consensus sequences in the corresponding regions. The distance between the two consensus sequences also varies by several base pairs. At present, information is still not enough to predict the site and strength of promoter from a given sequence. More systematical analysis is required on the correlation between the structure and function of promoter. For this purpose, we have previously constructed a promoter having the consensus sequences at the -35 and -10 regions starting from the tet gene promoter of pBR322 (4) . However, the tet gene was found to contain a counter-directed promoter immediately after the start point of transcription (5) . In this paper, the counter-directed promoter was removed to avoid any effect on function analysis, and the ideal promoter was re-constructed to analyse the correlation between the spacer length and promoter function.
MATERIALS AND METHODS

Synthetic oligonucleotides
The procedure for preparation of pentadecamers, dAGCTTATAATGCTCG and dAGCTCGAGCATTATA, has been described previously (6) . A HindlH linker was purchased from Bethesda Res. Lab. Preparation of plasmids and restriction fragments For preparation of plasmids, E.coli C600 cells harvoring plasmids were g grown to about 2 x 10 cells/ml in E-broth(7), chloramphenicol was added to 180 pg/ml, and incubation was continued for 15 hrs. Cells were harvested and lysed by the SDS-lysozyme method. After treatment with lysozyme (500ug/ml), NaCl was first added to 1M, and then SDS to 0.5%. The mixture was held for 1 hr at 37°C, chilled in ice, and centrifuged at 30,000 rpm for 1 hr. The resulting cleared lysate was treated with phenol, and the DNA fraction was recovered from the aqueous layer by isopropanol precipitation. The precipitate was dissolved, and after RNase treatment, the plasmid fraction was isolated by passage through a short Agarose column (BioRad A5m). Covalently closed circular DNA was prepared by CsClethidium bromide density-gradient centrifugation (8) . When restriction fragments were prepared, digests of plasmids were resolved by 5% polyacrylamide gel electrophoresis. Band regions identified by ethidium bromide staining were cut out, from which DNA fragments were extracted.
Conditions for ligation
The Ligation buffer contained 50 mM tris-HCl(pH 7.6), 10 mM MgCl 2 , 10 mM dithiothreitol and 0.1 mM ATP. For insertion of synthesized oligonucleotide duplex into vectors, 1 pmol plasmid DNA and 25 pmol synthesized DNA were incubated for 30 min at 15°C with 10 units of T4 DNA ligase (Takara Shuzo Co.) in 0.1 ml of the ligation buffer. The solution was then diluted with 0.5 ml of the ligation buffer, and incubation was continued for an additional 15 hrs. Reaction was terminated by shaking with 80% phenol, and reaction products were recovered by passage through a small Sephadex G100 column.
Transformation E.coli C600 was used as the host cell, and transformation was carried out by the CaCl ? method (9) . Plasmids in the resulting transformants were analysed by the rapid method(lO).
Conditions for T4 DNA polymerase reaction 1 pmol DNA and 10 pmol RNA polymerase (Biolabs.). After termination of reaction by phenol treatment, products were isolated by passage through a Sephadex G100 column, precipitated by ethanol and dissolved in 20 mM tris-HCl(pH 7.6) containing 7 M urea. The sample was heat-quenched for 3 min at 80°C and analysed by sequencing gels.
SI mapping
Analysis was performed by the method of Berk and Sharp (12) . Synthesized RNA and probe DNA(about 10,000 cpm) were mixed in 0.03 ml of the hybridization buffer containing 80% formamide, 20 mM Hepes(pH 6.5) and 0.4 M NaCl. After incubation for 10 min at 75°C, the solution was slowly cooled to 37°C, and held for 2 hrs. 50 ug of denatured calf thymus DNA and 0.03 ml of 10X SI buffer, containing 0.4 M sodium acetate(pH 4.5), 1 M NaCl, 40 mM ZnCl-,, were added, and the volume was adjusted to 0.3 ml. 300 units of SI nuclease (Bethesda Res. Lab.) were added, and incubation was carried out at 20°C for different periods. Reaction was stopped by adding 2 volumes of ethanol. The resulting precipitate was dissolved in 80% formamide, containing lOmM EDTA and marker dyes, and electrophoresed on sequencing gels.
RESULTS
Construction of a promoter with consensus sequences
The tet promoter of pBR322 contains TTGACA at the -35 region, TTTAAT 
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The sequence and restriction sites around the constructed promoter of pSPI57. The inserted pentadecamer-duplex was boxed, and consensus sequences were underlined.
Asterisks indicate the RNA start sites. Location and direction of the bla promoter and constructed promoter are shown on the circular map of pSPI57 together with the restriction sites used for generation of these promoters. such plasmids was named pSPI57, and used in the subsequent experiment. Adjustment of the distance between -35 and -10 regions pSPI57 contains Clal and Hindlll sites between the two consensus sequences (Fig • 1) , so that the spacing was independently adjusted at these sites. pSPI57 was linearized at either the Clal or Hindlll site, and the positions of 3'-ends were adjusted by using T4 DNA polymerase reaction. The ends were then converted to blunt-ends by SI digestion, and circulized by ligation. The products were treated with either Clal or Hindlll to destroy intact pSPI57, and transformation was carried out. Plasmids were prepared from respective clones randomly selected, and the sizes of fragments generated by EcoRI and Xhol were determined by sequencing gels. As a result, two series of promoter with different spacer lengths were obtained (Table 1) . When assayed promoter function by Tc-resistance of transformants, the tet gene expression was observed with promoters having the spacer lengths of 16 to 18 (see Table 1 ). The sequences of the constructed promoters with the spacer lengths of 15 to 19 have been determined by the Maxam-Gilbert (Fig. 2) . Activity of constructed promoters The constructed promoter was cut out together with the bla gene promoter by HapII as a fragment of about 610 base-pairs (see Fig. 1 ) , and promoter activity was determined in an in vitro transcription system. Products formed are shown in Fig. 3 , in which RNA-1 corresponds to the transcript from the constructed promoter and RNA-2 to the transcript from the bla promoter, respectively. This has been confirmed by analysis of truncated transcripts Table 1 The list of plasmids carrying constructed promoters. The firmcolumn shows the number of base-pairs between TTGACA and TATAAT. The second column indicates number of base-pairs inserted to or deleted from the promoter in pSPI57. Plasmids carrying promoters of which the spacer lengths were changed at the Hindlll and Clal sites were named pSPH and pSP, respectively. Tc resistancy was judged by survival of E.coH cells harvoring plasmids on L-plates containing 5 ug/ml of Tc. showed the highest activity (see lanes 3 and 8 in Fig. 3 ). The sequence and RNA start site of the original tet promoter are shown for comparison(lA). Table 1 , and transcripts formed in^ vitro were analysed. Products from pPSH2, pSP157, pPSH329, pPSH561, pPSH509, pPSCI, pSPI57, pPSC7, and pPSC8, are shown in lanes 1 to 9, respectively. Equal amounts of samples adjusted by radioactivity were loaded on each lane. Lane M in the middle provides size markers. RNA-1 and RNA-2 indicate the positions of runoff transcripts from the constructed and bla gene promoters, respectively. Bands of about 610 bases were assigned to full-length transcripts from termini. Thin bands near the full-length transcripts are assumed to be hybrids of transcripts. and those around the RNA starting point. In accordance with this, a few mutations have been isolated at positions not included in the conserved seqeunces (2, 3) . It is therefore reasonable to assume that the sequences in the regions flanking the two conserved sequences also have some role in promoter function. The promoter constructed here has restriction sites between the consensus sequences and near the RNA starting-site, so that we are planning to modify the sequences at such regions to define the essential structure of promoter more precisely. As the promoter constructed here can be cut out by EcoRI and Xhol, it would be able to use for manipulation of transcription by inserting it into appropriate sites.
Spacer
GTTTTGACA|6CTTATCATCGATAAGGCTtTATAATj6CTCGA6CTT
GTTTTGACABCTTATCATCCGATAAGC1TATAATGCTCGAGCTT
It should be mentioned that when the promoter activity was assayed in vivo by Tc-resistancy, those having the spacings from 16 to 18 bp showed about the same and low lavel of activity, suggesting that the tet gene expression in vivo is under regulation.
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